Acute pesticide poisoning (APP) can lead to severe health problems including possible chronic effects and is a major problem of occupational and public health in developing countries. 1, 2 Symptoms of APP can often be reversed with proper medical attention and prompt treatment, but in cases where these are unavailable, APP can be fatal. Common symptoms of APP include the following: itching and redness of the eyes, skin irritation, coughing, dizziness, and respiratory distress. In case of systemic poisoning, many organ systems may be affected. 1 In developing countries, APP is an underdiagnosed problem due to health care workers (HCWs) receiving very limited training on diagnosis and management of APP. 1 Furthermore, HCWs have little experience diagnosing and handling patients with APP. These factors leave HCWs insufficiently equipped to give the appropriate care to patients with APP. 1, 3 For this reason, training HCWs is crucial in combating the effects of APP, securing quick and reliable treatment at all levels of health centers.
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Environmental Health Insights distributed in 12 health center IIs, 17 health center IIIs, 1 health center IV, and 2 hospitals. 4, 6 The control districts were Mukono, a semi-urban district, with a population of 599 817 with 406 HCWs distributed in 33 health center IIs, 15 health center IIIs, 3 health center IVs, and 1 hospital, 4, 7 and Kumi, a rural district with a population of 258 073 people with 275 HCWs distributed in 16 health center IIs, 7 health center IIIs, 1 health center IV, and 3 hospitals. 4, 8 It was a priority of the study to try to reach employees from a variety of professions and to assess the knowledge of those working at different levels of health centers. The study population was HCWs (enrolled nurses, nursing assistants, midwives, medical doctors, and clinical officers) in health centers II, III, IV, and hospitals. Our intervention sample consisted of 173 HCWs out of 467 who received training. The control group consisted of 153 HCWs with no training. Participants for the intervention group were chosen from a list of previously trained HCWs. The control group subjects were chosen through convenience sampling, ie, based randomly on HCWs available for interviews. For optimum comparison basis, we attempted to match the control group to the intervention group, by securing a similar number of employees within the different professions and approximately the same number of health centers II, III, and IV/hospitals.
Intervention
This postintervention cross-sectional study analyzes the impact of the PHE training of HCWs in 2 phases during a 6-year period (2010) (2011) (2012) (2013) (2014) (2015) (2016) . Phase I trainings were conducted between 2010 and 2013 and Phase II in 2014-2016. The training consisted of a 2-day course and/or a refresher course lasting 2 to 3 hours. Participants were trained on knowledge of pesticides and management of APP. Trainings had been conducted in 42 health facilities in the Wakiso and 19 in the Pallisa districts. A total of 44 HCWs were trained during primary training in Pallisa (22 phase I and 22 phase II) and 56 in Wakiso (18 phase I and 38 phase II). In addition, a larger number of other HCWs who had missed the original training sessions were also trained during continuous medical education sessions at every health facility. The training was implemented by the PHE project and Uganda National Association of Community and Occupational Health (UNACOH) in collaboration with the Danish nongovernmental organization, Dialogos. The project is funded by The Danish Ministry of Foreign Affairs.
Study design and data collection
All participants were interviewed individually using a standardized semistructured questionnaire.
The questionnaire was based on a previous baseline questionnaire, with yes/no questions, multiple choice questions, and multiple answer questions. The questionnaires included such topics as knowledge of pesticides, symptoms and treatment of APP, and the medical practice at local health centers. Questions about knowledge were factual questions on pesticides designed to specifically test and evaluate the level of knowledge of the participants. The interviews were conducted by a research team consisting of a prime investigator, 3 medical students from the University of Southern Denmark, a local volunteer, and the local project coordinating district officer. The questionnaire is included in Appendix 1. A typical example of a knowledge question could be "How do you distinguish toxicity of pesticides?" The participants would then answer freely, and the answer recorded. For purpose of analysis, the answers were dichotomized into 2 variables: "correct" or "incorrect" answer.
The health centers were contacted a few days prior to the interviews, ensuring the availability of trained HCWs. Interviews were conducted in English and took on average 15 minutes for the intervention group and 5 minutes for the control group.
Due to the study being interview based, missing values were few and were mainly due to typing errors or mistakes in the interview process.
Data variables
The selected variables were questions most directly related to the measurable effect of the training. To make relevant comparisons, chosen questions were represented in the questionnaires for both control and intervention groups.
Work experience was divided into <5 and ≥5 years; the cutoff value was a good indicator to distinguish between participants with low and high experience in managing APP. Because cases of APP are relatively rare, we assume that HCWs with an experience ≥5 years are more likely to have encountered at least one case of APP.
Professions were split into 2 groups of somewhat similar education and responsibility: nurses (enrolled nurses, nursing assistants, and midwives) and doctors (medical doctors and clinical officers).
Health center IVs and hospitals were combined into one group due to similarities in management and resources. Only health center IIIs and IV/hospitals were included when stratified for health center as there were too few health center IIs to allow for statistically significant findings.
Sex (man/woman), profession (nurse/doctor), experience (months/years in profession), and health center level (III and IV/hospitals) were included by stratification in the final analyses.
Data analysis
The collected data were entered and analyzed in SPSS version 24. For bivariate analysis, data were categorized into dichotomous variables. Univariate descriptive statistics were Sibani et al. 3 estimated for frequencies and percentages of all categorical or numerical variables. Relevant analyses were conducted using cross tabulation for dichotomous variables and Student t test for continuous variables. Frequency analyses were conducted for all relevant questions, to compare data between the intervention and control groups.
For questions with multiple correct answers, a cutoff for correctly answering the question was chosen. On routes of entry, 1 out of 4 possible correctly identified ways of entry was deemed a sufficient answer. Regarding the question of signs and symptoms of APP, ≥4 out of 19 correct symptoms were deemed as a sufficient answer. On the question of treatment, an acceptable score was as follows: for health center II, 1 out of 3 correct answers; for health III, >3 out of 7 answers; and for health center IV/hospital, >3 out of 8. Finally, all 7 knowledge questions were aggregated into 1 variable called total knowledge score. A good score was defined as ≥4 correctly answered knowledge questions.
Ethics
The study was approved by the Makerere University School of Public Health Institutional Review Board and by the Uganda National Council of Science and Technology.
The study was conducted according to the Helsinki declaration of ethical principles for medical research. All interviewees participated voluntarily and received information on the purpose of the study and confidentiality of personal information. Written and oral consent was obtained from each participant.
Results

Participants
The total number of participants was 326: 173 in the intervention group and 153 in the control group. The demographic details, distributed by age, sex, profession, years of experience in the field, and health center level, are provided in Table 1 . The average age was 36 years in both groups. The study included more women than men, and there were significantly more women in the control group.
No difference was found in the distribution of professions and working experience between the 2 groups; meanwhile, the distribution of health center levels was significantly different.
Knowledge and practice
The level of knowledge among the HCWs is presented in Table 2 . In all aspects of the knowledge section, there is a significant difference between the intervention group and the control group. The intervention group scored higher in the questions regarding the identification of pesticides and their toxicity. Concerning routes of entry both groups had a high 
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Environmental Health Insights percentage of participants with at least one correct route of entry. The intervention group showed significantly more awareness of signs and symptoms, but in both groups, the number of HCWs with a score of ≥4 was less than 65%. As for total knowledge score, 67.1% of the intervention group and only 7.8% of the control group had ≥4 correct answers. Table 3 shows that in the intervention group, 44.9% of the HCWs from health center IIIs answered correctly, whereas the number in the corresponding control group was 23.5% (P = .006). No significant difference was found for HCWs working in health center IVs. Without stratification for health center level, the intervention group scored slightly higher, but the results were nonsignificant.
To control for possible confounders, data were stratified into sex, profession, work experience, and health center level to see whether there was a difference in total knowledge and treatment between the intervention and control groups in these subgroups (Tables 4 and 5 ). Stratification for age was not conducted as the age distribution was nearly the same in both groups. In total knowledge, every subgroup in the intervention group had significantly more correct answers. Overall, men scored higher than women (72.1% vs 63.8%), doctors had higher scores than nurses (87.5% vs 60.5%), and those with experience <5 years scored higher than those with ≥5 years of experience (71.6% vs 63.6%). The knowledge level in health centers III and IV was quite similar.
Regarding treatment (Table 5) , the only significant differences between intervention and control groups were for female participants and for those in health center IIIs. Men scored higher than women within the control group, but there was no Sibani et al. Environmental Health Insights difference in the intervention group. Treatment scores within profession and experience were similar between the 2 groups. Health center IV scored higher than health center III, but no significance was found within intervention and control groups for health center IV.
Discussion
When comparing the intervention and control groups, our study showed significant differences in numbers of female and male participants. Generally, there were more women than men and more nurses than doctors. Most enrolled nurses, nursing assistants, and midwives were women and most clinical officers and medical doctors were men. 9 This is not surprising as men have easier access to higher education than women in Uganda. 10 Health care workers in the control group were more experienced, perhaps due to overrepresentation of HCWs working at health center IV/hospitals in the control group. We stipulate that this might be due to health center IV/hospitals requiring experienced HCWs, as they deal with a larger number of patients with more severe conditions.
The intervention group had significantly more correct answers in all knowledge questions. About 93.6% of the intervention group and 86.3% of the control group could name at least one route of pesticide entry into the body. This is similar to the findings in a study from Bolivia showing that 94% of untrained HCWs could name at least one route of exposure. 11 In part, an explanation for the high number of correct answers in routes of entry is the definition of the aggregated variable, where mentioning one route of exposure resulted in a positive score. This is a low cutoff especially considering that many of the possible answers were nonspecific to APP. The same can be said for signs and symptoms, with 51.6% of controls giving correct answers. Many common diseases clinically present the same way as APP, 12 making it complicated to diagnose APP. The difference between the 2 groups was significant, but even so, only 64.7% of respondents in the intervention group could identify symptoms of APP, emphasizing the need for further training and refreshers on diagnosing APP.
A follow-up study in Nepal showed that the HCWs' ability to identify symptoms after their training was as high as 77.8%, whereas our study only showed a difference of 13.1% between trained and untrained HCWs. 13 We suspect that this is because there was no time gap between training and assessment in the Nepali study, whereas the gap was up to 6 years for several of the trained participants in our study. A plausible explanation is also that there was more room for improvement in Nepal than in Uganda because their baseline knowledge was lower.
As shown in Table 3 , HCWs in the intervention group from health center IIIs were significantly better at treating APP according to their health center level. However, when looking at correct answers regardless of health center, no significant difference was seen between intervention and control groups. Overall, the difference after training in the ability to treat APP was not as great as the difference on knowledge of pesticides. This might be due to treatment of APP not differing greatly from treatment of other poisonings, whereas the knowledge questions were more specific.
As expected, the participants in the intervention group generally scored higher than the control group, especially regarding knowledge, indicating that trainings were effective and helped improve the knowledge of pesticides. Concerning treatment, the difference was not as clear, partly because the answers included many general treatment methods unspecific for APP.
Men in both groups answered more of the knowledge questions correctly, presumably because male participants have higher educational levels and thereby more knowledge and a greater responsibility at the health facilities. As for experience, the results showed that participants with <5 years of work experience scored higher than those with ≥5 years on the knowledge questions. We assume this difference is because most of the participants with experience <5 years were trained during phase II and thus had more recent knowledge. Although it was not significant, the more experienced participants had higher scores when it came to treatment, perhaps because the ability to manage cases of APP improves with experience.
Doctors had scored higher than nurses in both knowledge and treatment, which is most likely caused by the difference in education and level of responsibility at the facilities. As for health centers, when regarding treatment, the only notable difference was between health centers III and IV/hospital. Health center IV/hospitals might have scored higher because they receive more cases of APP due to referrals from lower health centers.
Limitations
To the best of our knowledge, this study is the first published with sole focus on HCWs and the only one that includes hundreds of participants in the health care sector.
It is worth considering that a follow-up study is a much stronger design and gives a more accurate estimate of the outcome variable. Regrettably, baseline data were not available to us.
A few problems arose when drafting the control group. Our goal was to ensure a distribution of HCWs equal to the distribution in the intervention group. In this we partly succeeded, by sourcing the participants in the intervention group from a register of trained HCWs. This was a way of minimizing selection bias. Our primary focus was to ensure that the different professions were represented equally in both groups, and as our results show, there was no significant difference. As described earlier, participants were chosen through convenience sampling, leading to potential selection bias. Even though an effort was made to target health centers matching the ones in the intervention group, in the end, this was not entirely possible, as some health centers were not willing or available to participate.
Therefore, health center IV/hospitals are overrepresented in the control group. The overrepresentation leads to potential 7 bias, as our studies show that HCWs at health center IV/hospitals scored higher at treatment, than those at lower levels, skewing the data by favoring the control group. This serves to lend further strength to our results.
Not all the trained HCWs were available for interview due to several factors such as pregnancy, transfers, sickness, unwillingness to attend, and death. This resulted in a loss of potential data/information on trained participants, which might have led to a potential sampling bias, as the HCWs who were interviewed might not be representative of the trained HCWs. Unwillingness to attend could lead to an overestimate of the effect of the training, as the possibility exists that the unwilling participants were those who benefitted the least.
The span of the study leads to potential recall bias making us question whether factors such as lack of patient contact and forgotten knowledge may lead to an underestimate of the effect of the training.
The training was conducted by multiple instructors. To be certain that the training sessions were similar, both groups should not only be trained the same number of days but also receive the lessons from the same person or a group of people using the same protocols.
In hindsight, coaching the interviewers beforehand would have been beneficial to ensure homogeneity in the interview process, minimizing interviewer bias.
Conclusions
Health care workers generally lacked knowledge of pesticides, in accordance with studies concluding that health care professionals in third world countries lack knowledge of APP. Corroborating the results of other studies, our study shows that training of HCWs results in improved knowledge and management of APP.
There is an urgent need to train HCWs due to a general deficit of knowledge on handling and managing APP. Many studies focus on prevention of APP and education of farmworkers, but as HCWs are a crucial factor in treating and preventing APP, it is necessary to focus attention and resources on both groups. We recommend continuous training of HCWs and further suggest including the topic of APP in national curriculums of health sciences at universities and nursing schools to improve awareness and knowledge of pesticides. 
